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Abstract—The аnts L. semenovi has been found to belong to species with endogenous�heterody�
namic seasonal life cycles with the obligate diapause induced predominantly by factors internal for
a colony, whereas external ecological factors (photoperiods and temperature) produce merely mod�
ifying effects by accelerating or delaying the diapause onset. The photoperiodic and temperature
regulation of diapause induction in larvae and queens is shown. Under effect of short days and low
temperature the periods of larval pupation and queen oviposition in a colony are shortened marked�
ly, i.e., the diapause of larvae and queens occurs earlier. The daily rhythms of temperature 15/25°C
and particularly 20/30°C as compared with constant temperatures 20 and 25°C that correspond to
the mean circadian temperatures of the thermorhythm, inhibit manifestations of the short day ef�
fects by stimulating the non�diapause development and increasing duration of the seasonal devel�
opment cycle of ant colonies. The L. semenovi photoperiodic reaction is quantitative, as develop�
ment and pupation of larvae and egg�laying of queens cease sooner or later under both the short and
the long days, but in the latter case significantly later. Thus L. semenovi is one more example among
very rare ant species that are revealed to have the photoperiodic regulation of the colony develop�
ment seasonal cycle.
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INTRODUCTION

Seasonal changes in the climate conditions play
a certain role in the ant life cycle, especially in re�
gions with moderate and cold climate. For the ant
colony to be able to use maximally the heat resourc�
es of the summer period larvae feeding and grow�
ing the sufficient number of worker and winged re�
productive individuals, it should have regulatory
mechanisms synchronizing processes of the brood
growth, onset and arrest of larva and imago dia�
pause with the climate seasonal rhythm.

The seasonal cycles of the most ant species liv�
ing in the moderate climate are endogenous�het�
erodynamic and are characterized by obligatory
onset of diapause in the end of the warm season; a
decrease of the mean day temperature, and in some
species also a shortening of day, are the regulatory
factors accelerating completion of development
and diapause induction [1–3]. In laboratory, with
the long day and favorable temperatures, diapause
begins all the same, although significantly later [1–
3]. The photoperiodic reactions were detected only
in some ant species—Myrmica and Aphaenogaster.
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The shorting of the day duration at the summer end
produces in these species a diapause formation in
larvae and queens; in the ant colony the ant larvae
stop pupation and queens stop the egg�laying [4–
7]. The effect of the short photoperiods has also
been reported in the ant Pristomyrmex punctatus
from Japan [8]. The photoperiodic ant reactions
are of quantitative character, as the colony devel�
opment is terminated sooner or later under any
conditions, even at the long light day and optimal
temperatures, but the shorter the photoperiod and
the lower temperature, as a rule, the faster the be�
ginning of diapause [1, 2, 5, 9].

It was established in our studies that the circadi�
an temperature rhythms (thermoperiods) provide
the considerably more favorable conditions for the
ant brood development and decrease statistically
significantly its duration, as compared with con�
stant temperatures [10]. It was demonstrated in the
experiments on some ant species that the circadi�
an temperature rhythms stimulated the develop�
ment without diapause and increase duration of the
endogenous seasonal cycle of the colony develop�
ment, as compared with the constant temperatures
equal to the mean circadian temperature of the
thermorhythm [11–13]. Taking into account the
fact that the ant nest is a natural incubator, in
which, owing to the sun heat accumulation, a ver�
tical gradient and clear circadian temperature
rhythm forms used by ants for formation of the
most comfortable conditions for their offspring
growth [14], the circadian temperature rhythms are
to be considered as the most important element of
the abiotic ant life environment. Therefore, it is
worth studying better the physiological aspects of
effect of thermoperiods on the ant colony life.

A very convenient object for such study is Lepi�
siota semenovi—one of the common ant species in
Turkmenistan. These ants make more frequently
the nests in the Kopetdag mountains and foothills
under the stones that are for them accumulators of
the sun heat. The circadian temperature rhythms
are the most obvious in these nests; therefore, we
could rely on a possibility of detection of the ther�
moperiod physiological effects in this species. The
ants construct at early spring the warming�up cam�
eras under the stones; the ants transfer there the
overwintering larvae from low horizons of soil nests
and the queens are moving�in there. Therefore, on

overturning the stone, it is sufficiently easy to col�
lect the necessary number of ants together with
queens and brood, i.e., the colonies of the com�
plete composition, which is necessary for labora�
tory experiments. This is also promoted by polyg�
eny, i.e., the presence of many reproductive queens
in each L. semenovi nest.

MATERIALS AND METHODS

The L. semenovi colonies were collected in the
mid�April in Turkmenistan and in the Kopetdag
foothills. The preliminary phenological observa�
tions have allowed establishing that L. semenovi ant
colonies overwinter with the larvae of all ages at
diapause (by our data, the larvae of this species have
5 ages) and with diapausing queens ceased ovipo�
sition. The largest larvae are developing into the
winged females and males, while the rest of larvae—
into the worker individuals.

The collected colonies were divided in the labo�
ratory into the experimental groups composed of
2–3 queens, 200–300 workers, and 100–150 over�
wintered larvae; they were placed into plastic lab�
oratory formicaries that were placed into a photo�
thermostat at the 25°C temperature and long light
day (18 h). The ants were fed twice a week with the
10% sugar solution and with pieces of the cock�
roach Nauphaeta cinerea.

For two months of observations the complete
development occurred in the ant groups: all over�
wintered larvae were pupated, the queens laid eggs,
appearing from them were larvae that were growing
and pupated. Then, on July 7, i.e., around the mid�
dle of the natural seasonal development cycle, when
under the natural conditions the day begins short�
ening and the insects are affected by the shorter�days
photoperiods, the ant experimental groups were dis�
tributed randomly to two photoperiodic and four
temperature regimes that formed together 8 photo�
metric regimes. Two photoperiods were used the
long (18 h) and the short (12 h) day, two constant
temperatures—20 and 25°C, and two circadian П�
like thermorhythms—15/25 and 20/30°C with 12�
h periods of high and low temperature and the mean
circadian 20 and 25°C temperatures, respectively.
The scotophase of the long�day photoperiodic cy�
cle of the 6�h duration was in the middle of the ther�
morhythm cryophase, and at the short day the sc�
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otophase of the photoperiodic cycle and the ther�
morhythm cryophase coincided in time. Transition
from the high to the low temperature and back took
about 1 hr. Maintained at each photothermic re�
gime were 3–5 ant experimental groups.

The presence of the eggs and larvae prepared for
pupation in cocoons was fixed using a binocular
microscope twice a week at the nest examination.
The larvae prepared for pupation are characterized
by that they do not eat and construct a silk cocoon,
through wall of which the larva can be viewed until
the walls become sufficiently dense. After comple�
tion of the cocoon construction the larva excretes
after a while the excrements accumulated during the
life as a dark clot—meconium remaining in the co�
coon back end and well seen from outside; the larva
is transformed into the immobile pre�pupa, then
into the pupa that is impossible to be seen from out�
side. If there is no meconium there, this means that
the cocoon has been constructed quite recently.
Therefore, the presence in the nest of larvae con�
structing the cocoon and/or cocoons without meco�
nium was considered as a sign that the larvae con�
tinue to pupate. The absence of these signs means
the absence of pupation. Besides, once a week, the
number of the present pupae was counted without
removing them, as narcosis using as a rule the car�
bon dioxide, produces a very high mortality of work�
ers in this species.

In most regimes and in most groups the oviposi�
tion and pupation sooner or later stopped; there�
fore the eggs and the pupated larvae disappeared.
This indicated onset of the queen and larva dia�
pause. For each experimental ant group there was
determined duration of the period of the egg pres�
ence—from beginning of the experiment to the day
of the egg disappearance and of the period of pu�
pation—from beginning of the experiment to the
day when cessation of pupation (i.e., the absence
of the pupated larvae) was fixed. The day of the egg
disappearance or the pupation cessation was cal�
culated as the mean between the date of this and
the previous examination, during which the eggs
and the pupated larvae still were present in this
group. The disappearance of eggs in the group in�
dicates that queens some time ago ceased the ovi�
position and all eggs were developed already in the
larvae, which allows determining the time of onset
the queen diapause. The cessation of larva pupa�

tion indicates directly their diapause onset. Be�
sides, there was calculated the mean amount of the
pupae presented in one experimental group at each
regime per each date of counting. This parameter
allows estimating and comparing intensity of larva
pupation in different variants of the experiment.

The experiment was completed on January 31,
i.e., 208 days after its beginning, when the queen
oviposition and larva pupation stopped at the most
regimes, which indicated onset of diapause in
queens and larvae. Only in some groups, the queens
did not yet complete the oviposition by this mo�
ment, while larvae continued to pupate (in thee out
of four groups at the 20/30°C thermorhythm and
the long day). In such cases we agreed condition�
ally that duration of the periods of the presence of
eggs and pupae amounted to 208 days, thereby to
decrease somewhat the possible real duration, but
this has allowed us to calculate the means of these
periods and to compare them by using Student’s
criterion.

RESULTS

The data in the table indicates duration of peri�
ods of the presence of eggs and pupation, while the
figure shows dynamics of the number of pupae in
experimental groups of L. semenovi at various pho�
tothermic regimes.

The appearance of diapause in queens. In most
experimental groups maintained at the constant
20°C temperature and the 15/25°C thermorhythm,
eggs have disappeared as soon as after several
weeks, which indicates onset of the queen diapause
(see table). Action of the short day led to a statisti�
cally significant decrease of the period of the egg
presence only under the thermorhythm conditions,
but not at constant temperature. At the long day,
the later queen diapause onset is clearly detected
under the thermorhythm conditions (29 and
27 days at the constant temperature and the ther�
morhythm are statistically significantly different,
respectively at p ≤ 0.05); at the thermorhythm, the
oviposition was not yet completed in one out of
three groups until the end of the experiment.

The constant 25°C temperature and even to the
greater degree the 25/30°C thermorhythm pre�
vented onset of the queen diapause: at the 25°C
temperature, eggs disappeared in 3 out of 5 groups
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at the long day and in 4 out of 5 groups at the short
day, while at the thermorhythm, eggs did not dis�
appear at all till the end of experiment regardless
of the photoperiod (see table). We observed at 25°C
a significant photoperiod effect on the egg pres�
ence period duration, which was, on average,
74 days at the short day and 112 days at the long
day. Thus, at the 25/30°C thermorhythm the pho�
toperiod effect on the oviposition was significant�
ly less expressed than at the constant 25°C temper�
ature equal to its main circadian temperature. It
can also be easily seen that the egg presence period
duration is much longer in the ant groups at 25°C
than at 20°C, both at the short and at the long day
(see table).

The appearance of diapause in larvae. The short
day action at the constant 20 and 25°C tempera�
ture and the 15/25°C thermorhythm produced a
significant and sufficiently fast decrease of the
number of pupated larvae until its complete cessa�
tion and the disappearance of pupae, whereas un�
der conditions of the long day the larva diapause

occurred more later (see table) (see Figs. 1a, 1b);
at 25 and 15/25°C, intensity of pupation first even
increased and only then began to decrease to reach
zero sooner or later (see Figs. 1a, 1b). The photo�
periodic induction of the larva diapause was the
most obvious at constant temperatures: the larva
pupation period decreased at the short day nearly
three times as compared with the long day and
amounted at 20°C, on average, 6 and 15, while at
25°C, 16 and 48 days at the short and long day, re�
spectively (see table). The differences between the
short and long day are statistically significant at p ≤
0.05. At the 15/25°C thermorhythm, effect of the
photoperiod on the mean pupation period also
took place, but the differences were not statistical�
ly significant. It is also to be noted that duration of
the pupation period was markedly and statistically
significantly longer in the ant groups at 25°C than
at 20°C, and at 20/30°C than by 15/25°C, both at
the short and at the long day (see table).

Action of the 20/30°C thermorhythm was essen�
tially different than of the constant 25°C tempera�

Duration of development in experimental groups Lepisiota semenovi under different photoperiodic and tempera�
ture conditions

Tempe�
rature
regime
(°C )

Day
duration

(h)

The number of
experimental groups

Duration of the period (days)

the
total

with beginning
of diapause

The presence of eggs The presence of pupation

queens larvae min max mean
error

of the mean
min max mean

error
of the mean

25 18 5 3 5 45 208 112 1.7 39 55 48аbc 2.9

25 12 5 4 5 11 208 74 9.1 4 25 16аd 4.1

20 18 3 3 3 25 32 29а 2.3 11 18 15be 2.3

20 12 3 3 3 18 32 25аb 4 4 11 6e 2.3

20/30 18 4 0 1 208 208 208 – 71 208 174cf 34.3

20/30 12 5 0 5 208 208 208 – 39 128 95dg 15.9

15/25 18 3 2 3 11 208 79 2.9 11 39 20f 9.3

15/25 12 3 3 3 10 25 20b 4.7 4 25 13g 6.2

Note: Comparison of the means by Student’s criterion was performed between the following variants: (1) 18 and 12 h at each
temperature regime; (2) 25 and 20°C at 18 and 12 h separately; (3) 25 and 20/30°C at 18 and 12 h separately; (4) 20 and
15/25°C at 18 and 12 h separately; (5) 20/30 and 15/25°C at 18 and 12 h separately (the total of 12 comparisons). For
duration of the period of the presence of eggs, all means except for those marked by the same letters differ statistically
significantly (at p ≤ 0.05). For duration of the period of pupation, the means marked by the same letters differ statisti�
cally significantly (at p ≤ 0.05).
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ture equal to, similar to the thermorhythm mean
circadian temperature. The larva pupation at the
thermorhythm was significantly longer than at the
constant temperature: the pupation period at the
long day was, on average, 174 and 48 days at 20/30°
and at 25°C, while at the short day—95 and 16 days,
respectively (see table). Under conditions of ther�
morhythm, during the experiment, much more
larvae was pupated than at the constant tempera�
ture, both at short and at the long day, what is clear�
ly seen at comparison of Figs. 1a and 1b. It is also
to be noted that at the thermorhythm at 20/30°C
under the long day conditions, the larva pupation
lasted in three out of four groups until the end of
the experiment and only in one group it stopped
and pupae disappeared at the 71st day.

Action of short�day photoperiods at the 20/30°C

thermorhythm also occurred: duration of the pu�
pation period was, on average, 174 days at the long
day and 95 days at the short day (see table). How�
ever, the larva diapause appearing at the short day
and the 20/30°C thermorhythm turned out to be
unstable: the larva pupation was resumed after a
while in two out of five groups and continued until
the end of the experiment ending, although it was
not massive (see Fig. 1c).

Effect of the 15/25°C thermorhythm effect was
not so different from action of the constant 20°C
temperature equal to the mean circadian ther�
morhythm temperature. The larva pupation con�
tinued at the thermorhythm, on average, only by
5–7 days longer than at the constant temperature
both at the long (on average, 20 and 15 days at 15/
25° and 20°C, respectively) and the short day (on

Dynamics of the number of pupa in experimental groups of ants Lepisiota semenovi under different photoperiodic and
temperature conditions. (a) At constant temperatures 20 and 25°C, (b) at the 15/25°C thermorhythm, (c) at the 20/
30°C thermorhythm. Continuous line—at the 18�day duration; broken line—at the 18�day duration. Abscissa: days of
experiment; ordinate: the mean number of pupa. Vertical lines—the standard error. Beginning of experiment on July 7.
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average, 13 and 6 days at by 15/25 and 20°C, re�
spectively) (see table). However, the total number
of pupated larvae was significantly higher at the
thermorhythm than at constant temperature,
which follows from comparison of Figs. 1a and 1b.

DISCUSSION

Results of the performed experiments allow as�
cribing with certainty L. semenovi to species with
endogenous�heterodynamic seasonal life cycles, in
which the appearance of diapause is obligate and
is induced first of all by factors intrinsic of the col�
ony, whereas external ecological factors (photo�
period and temperature) produce merely modify�
ing effects by accelerating or delaying the onset of
diapause. This is also confirmed by that we ob�
served in this species the spontaneous rhythms of
oviposition and development at maintenance of
ants for several years under the constant tempera�
ture conditions [3], which also is characterized of
endogenous�heterodynamic species [1, 2].

The results of the performed experiments also
indicate the presence of the distinct photoperiod�
ic and temperature regulation of the diapause on�
set in L. semenovi. Under effect of the short day
and low temperature, duration of periods of the
larva pupation and queen oviposition decreases
essentially, i.e., the diapause of larvae and queens
begin earlier. The photoperiodic reaction in L. se�
menovi is of the quantitative characteristic, as the
larva pupation and queen oviposition stop both at
the short and the long day, although much later in
the latter case. Earlier, similar quantitative photo�
periodic reactions were revealed in ants Myrmica
rubra, M. ruginodis, and Aphaenogaster sinensis [3,
4, 6, 7].

The temperature conditions produce an essen�
tial effect on peculiarities of the photoperiodic re�
action of L. semenovi. The queen and larva diapause
began considerably earlier at 25°C at the short�day
regime, as compared with the long day. The pho�
toperiodic reaction at 20°C was similarly pro�
nounced, but differences of duration of the larva
pupation and queen oviposition between the col�
onies maintained at the long and short day were
significantly lower than at 25°C. Hence, the 20°C
temperature itself stimulates fast formation of the
larva and queen diapause.

Of special interest are physiological effects of the
temperature circadian rhythms as compared with
action of the constant temperatures correspond�
ing to the mean circadian thermorhythms temper�
atures. The performed experiments have shown
that the 15/25°C and particularly the 20/30°C ther�
morhythms inhibit the effect of the short day by
stimulating development without diapauses and
increasing duration of the seasonal cycle of the ant
colony development. Under the 20/30°C ther�
morhythm conditions, the queen oviposition did
not cease at all both at the long and at the short
day, i.e., the queen diapause did not occur. At this
thermorhythm, the larva diapause although did
occur, by but was unstable: the larva pupation at
the long day was practically uninterrupted, while
it ceased at the short day only for small time, but
soon was resumed, although not as intensively as
at the long day. This means that the high ther�
mophase temperature of the 20/30°C ther�
morhythm produces a strong stimulating effect on
oviposition, although the mean circadian temper�
ature of this thermorhythm corresponds to 25°C.
Thus, the variable temperatures promote an in�
crease of duration of the seasonal development
cycle, efficiency of the brood growth, and an in�
crease of the L. semenovi colony production.

Earlier we demonstrated a similar effect of ther�
morhythms on the seasonal development cycle also
in other ant species. Thus, an increase of the queen
oviposition period duration was detected in For�
mica cinerea and F. fusca at the 15/25°C and espe�
cially at the 16/30°C thermorhythms, as compared
with the constant 20 and 23°C temperatures equal
to the mean circadian temperatures of these ther�
morhythms [11]. An increase of duration of the
endogenously limited seasonal development cycle
and of colony productivity at thermorhythms, as
compared with the constant temperatures equal to
the mean circadian temperatures, is detected in
Camponotus herculeanus (14/32 and 16/30°C ther�
morhythms, 23°C constant temperature), C. xerx�
es (16/30 and 20/30°C thermorhythms, 23 and
25°C constant temperatures, respectively), Myrmi�
ca rubra and M. ruginodis (10/25 and 15/25°C ther�
morhythms, 17.5 and 20°C constant temperatures,
respectively) [12, 13]. The uninterrupted oviposi�
tion and larva pupation occurred in the colonies
of three species of the genus Tetramorium studied
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at 15/25°C thermorhythm; at the same time, we
observed their cessation and formation of queen
and larva diapause at the 20°C constant tempera�
ture [15]. The constant development occurred in
Monomorium ruzskyi colonies at 16/30°C ther�
morhythm and in Tapinoma karavaievi at 16/30°
and 20/30°C thermorhythms, whereas at 23 and
25°C constant temperatures, the queen oviposition
and larva pupation stopped [15].

It is also to be noted that much more time is nec�
essary for formation of the queen diapause than of
the larva diapause, the temperature conditions be�
ing more important than the photoperiodic ones.
Therefore, in the Kopetdag foothills, in the nests
under stones warmed by sun, queens can long con�
tinue making oviposition until the temperature
conditions allow, even when the short day begins
and the larva diapause is formed. As a result, a great
amount of brood is accumulated in the colonies.
Since the L. semenovi larvae overwinter at all ages,
the larvae of the first age hatched from the eggs
positioned in autumn do not develop, if the envi�
ronmental temperature does not allow, but start
their diapause and overwinter successfully.
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